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INTRODUCTION. 
It  is  a  general  rule  to  regard  the  individuals  comprising  a  given 
strain  of a  microbic species as  identical in nature.  So, when a  cul- 
ture is spoken of as virulent, it is supposed to be virulent as a  whole, 
and  little or no  attention is  paid  to  its  individual members.  They 
are tacitly assumed  to possess this character in  common.  As  a  cul- 
ture attenuates  by passage  on artificial media,  the formerly virulent 
germs  are  again  assumed  to  lose  their invasive  property simultane- 
ously and  uniformly. 
This point of view persists in spite of numerous facts that show the assump- 
tion of a community of characteristics to be without foundation.  Chauveau and 
PhisaUx  (1)  demonstrated atypical forms of B. anthracis in cultures from the 
lymph glands  of animals  that had died of this infection.  Their bacille en clou 
possessed a  morphology distinctly different from that of the typical organism. 
It was completely avivAent.  Elser and Huntoon (2) found that colonies of dif- 
ferent appearance existed side by side in freshly isolated cultures of Mierococcus 
eaturrhalis, and that one type, increasing with each passage,  tended finally com- 
pletely to supplant  the other.  Border and  Sleeswijk  (3)  found an interesting 
variation to occur in the behavior of B. pert~ssis.  When freshly isolated,  this 
organism  grew only upon media enriched with blood, but after several passages 
it became able to multiply upon ordinary media.  The blood microbe had anti- 
genic characters distinctly different from those of the agar microbe.  Von Lingels- 
heim  (4)  discovered that variants having a  peculiar type of colony formation 
arise in laboratory cultures of B. typhosus.  His work has been elaborated and 
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extended  to  other  members d  the  colon-typhoid  group  by  Gildemeister (5). 
Baerthlein (6) has demonstrated  the simultaneous presence, in single cultures of 
B. pyocyaneus, Stapkylococcus aureus, and B. coli, of individuals  giving rise to 
colonies of different appearance.  The "tI" and  "0"  forms of B. proteus, first 
described by Weft and Felix (7), are well known.  Eisenberg (8) and Wagner (9) 
have studied thoroughly the presence of variants in cultures of B. antkracis. 
The researches of Bordet on phagocytic reactions in dvo,  following  injections 
of Vibrio metcknikovii (10) and of streptococcus (11), have brought out with strik- 
ing clarity ditterenees in virulence existing among the individuals of one culture. 
It is remarkable that little  stress has been laid on findings of such  significance. 
With  this  exception,  differences  of  virulence  have  received  little 
attention  in  the  above  mentioned  studies.  It  has  been  our  good 
fortune, in the course of studies on the rabbit septicemia bacillus,  to 
observe wide variations in this characteristic,  associated with definite 
difference in growth on fluid media and in  colony formation.  If all 
the  organisms  in  these  cultures  had  possessed  indistinguishable 
growth  characters,  little  progress  could  have  been made.  As  it  is, 
the  association  of  a  readily  observable  criterion  with  the  virulence 
variation has greatly simplified the study of this problem. 
Origin of Materials. 
The  strains  of  the  rabbit  septicemia  bacillus  used  were  isolated 
from spontaneous infections occurring among the normal animal stock 
of this laboratory.  Eight strains were obtained in pure culture from 
the heart's blood at necropsy.  The pathologic picture in six of these 
cases was  that  of bronchopneumonia,  fibrinopurulent  pleuritis,  and 
pericarditis.  In the remaining  two no gross lesions of any kind were 
discernible,  but the  organisms  were present in large numbers  in  the 
heart's  blood. 
Method  of Isolation. 
The heart's  blood obtained at necropsy was planted in  10 per cent 
defibrillated  rabbit blood broth.  After incubation  for  24 hours  the 
cultures  were plated  out in  5  per  cent  rabbit  serum  agar  Isolated 
colonies were fished to rabbit serum broth.  After incubation, growth, 
and microscopic study, this culture was streaked on 10 per cent rabbit 
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chest for 7  days,  when it was again transplanted.  This  routine  was 
rigorously  observed  for  all  strains. 
Characteristics  of the, Organism. 
The organism under investigation is without doubt one of the pasteurella.  It 
is  probably identical  with  the  bacillus  of  rabbit  septicemia  first  accurately 
described by Theobald Smith (12).  It is a minute non-motile bacillus,  occurring 
singly or in pairs.  It is frequently coccoid in shape and in  fresh preparation 
might be mistaken for pneumococcus.  It is  Gram-negative when  stained  by 
Stirling's  method.  Its bipolar nature  is best  demonstrated  in  films from the 
heart's blood, fixed by heat, and stained for 5 minutes in the cold with Loeflter's 
methylene blue.  The  microbes  in  the  films from  plenral  fluid,  tissues,  and 
cultures tend to stain solidly.  Pleomorphism is most marked in the condensation 
water of serum or plain agar slants. 
Beef infusion broth and beef infusion agar, pHffi 7.4, fractionally sterilized,  were 
used as base medium throughout the investigation.  All the strains are strongly 
aerophilic.  When  first  isolated  from  spontaneous  infections  they  grow  very 
feebly or not at all on ordinary media, but quite abundantly on serum agar or in 
serum broth.  After several transplants on blood or serum agar, good growth 
occurs on ordinary media, provided that a sufficient  quantity of material is car- 
tied over.  The surface colonies on agar are circular in shape, with  even borders. 
They are whitish and rather opaque at the center, more translucent toward the 
edges.  They are strongly fluorescent,  both in  daylight  and by artificial illu- 
mln~tion.  In serum and in plain broth the growth is uniformly turbid with little 
tendency to sedimentation.  In tubes of serum broth, inoculated with 0.05 cc. of 
a 16 hour culture, the lag period is very short and the peak of growth reached by 
8 hours incubation.  From that time on a rapid decrease in the number of viable 
organlgms occurs. 
There is no visible growth on potato.  Carbohydrates do not enhance growth. 
The strains isolated in this laboratory ferment dextrose, levulose, saccharose, and 
xylose with acid but no gas.  The medium used was sugar-free broth to which 1 
per cent of carbohydrate was added.  The pH before inoculation was 7.5.  After 
incubation  at 37°C.  for 66 hours,  the levulose,  dextrose, and saccharose tubes 
were found to have reached an acidity of pH  = 5.9 to 6.1.  No acid formation was 
observed in maltose or lactose.  In fact, definite alkalinity increase was observed 
with lactose---pill8.2.  Three strains received through the kindness of Dr. N. S. 
Ferry behaved as did  those  just  described,  with  the  exception  that  maltose 
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EXPERIMENTAL. 
In  the  course  of  virulence  studies  with  strains  isolated  about  6 
weeks  previously,  the  approximate  number  of  organisms  injected 
into  the  test  rabbits  was  controlled by plating high  dilutions  of the 
test culture.  Dilutions  corresponding to  10  -9,  10  -s,  and  10  -7  cc.  of 
the serum broth cultures under test were plated in 5  per cent rabbit 
serum agar.  It was  thought that plain  agar might serve as well for 
this  procedure,  since  all  the  strains  under  test  had  been  growing 
for  some  time in  artificial  media.  But upon  seeding such  dilutions 
TABLE  I. 
Growth of Dilutions of Serum Brott~ Culture R 15 in Serum and Plain Media. 
Dilution of  No. of colonies on  No. of colonies on  Growth in  Growth"  in 
original culture,  plain agar plate,  serum agar plate,  plain  broth,  serum broth.. 
10-8 
10-* 
10-5 
104 
10-7 
10-8 
10-~ 
Countless. 
~C 
1,500 
194 
21 
2 
+ 
o 
o 
o 
o 
m 
+ 
+ 
+ 
+ 
+ 
4- indicates growth; O, no growth; -,  culture not made. 
into  plain  agar  plates,  no  growth  occurred,  despite  the  fact  that 
animals  injected  with  the  same  dilutions  succumbed  with  typical 
infections.  It was  known  that good growth could be obtained upon 
plain agar when a  transplant was made of fairly large amounts from 
tube  to tube.  It was considered of importance to find out how many 
organisms it would be necessary to plant in order to obtain growth in 
medium without serum. 
Experiment 1.  Growth of Dilutions of a 12 Hour Serum Brotk Culture in Serum 
and Plain Agar and Serum and Plain Brotk.--A 12 hour 5 per cent rabbit serum 
broth culture of Strain R  15 was diluted with plain broth, pH-7.4, to 10-9ec. 
of the original culture.  The dilutions were made as follows: Dilution A, 1 ee. of 
culture +  4 ec. of broth; Dilution B, 0.5  ec. of Dilution A +  4.5 ee. of broth; 
Dilution C, 0.5 cc. of Dilution B  +  4.5 ce. of broth; and so on, to Dilution I, 
0.5 ce. of which would be equivalent to 10  -9 ee. of the original.  Different pipettes PAUL "R', DE  ]KI~DIF  777 
were used for making each dilution.  As soon as the dilutions were completed, and 
starting at dilution 10  -9 cc., 0.5 cc. was carried over into parallel  large tubes of 
plain and of 10 per cent horse serum agar, which had been melted and cooled to 
45°C.  The tubes were carefully shaken and the contents poured at once into 
plates.  Such plates were made from all dilutions,  from 10 -9 down to 10 -s cc. 
At the same time, inoculation  of the same amount of material was made into 
parallel series of serum and of plain broth tubes, from dilutions 10  -9 to I0  -n cc. 
The plates and tubes were incubated at 37°C. for 48 hours.  The result is given 
in Table I. 
Table I  shows that no growth occurred in plain agar plates,  even 
when these were seeded with 10  -8 cc. of the culture, an amount con- 
taining millions  of organisms.  Colonies  appeared  on  all  the  serum 
agar plates,  and in  all the  serum broth  tubes.  On  the  other hand, 
the  plain broth  series  showed multiplication in  10  -5  cc.,  but not in 
higher  dilutions.  The  most  striking  fact  observed  was  the  char- 
acter of the growth in the plain broth subculture from dilution 10  -~ 
cc.  Instead  of  growing  diffusely with  a  uniform  turbidity,  as  was 
the case with all the serum broth subcultures, the growth in the plain 
broth  tube was  granular in  character.  These  granules were  appar- 
ent even in early phases of the growth.  They settled rapidly to the 
bottom  of  the  tube,  so  that  in  24  hours the  supernatant fluid was 
perfectly  clear. 
Repetition  of this  experiment  led  to  the  same  result.  This  phe- 
nomenon can be  explained in  one  of two ways.  First,  it might be 
conceived  that  organisms  growing  diffusely  in  serum  broth  sub- 
cultures might flocculate when cultivated in plain broth.  Or, second, 
two types of microbe might be supposed to exist in the same culture, 
one, preponderatingly present,  and capable of growing only in serum 
broth,  when seeded in small amount,  the other, less numerous, sedi- 
menting  in  fluid  medium,  and  able  to  grow  in  plain  broth,  even 
when  seeded  in  relatively small  amount.  To  resolve  this  question 
the following experiment was undertaken. 
Experiment  2.  Persistence of  the Growtk Character of  Granular  and  Diffuse 
Growing Microbes.--The  plain broth subculture,  dilution 10  -5 ce., of Experiment 
1 grew in rapidly sedimenting,  granular manner.  This culture was  seeded in 
mounts of 0.05 co. to parallel  tubes of plain and of 5 per cent rabbit serum 
broth.  The procedure was repeated through six transfers.  The granular growth 
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it will be recalled that the serum broth subculture, dilution 10 -9 cc., of Experiment 
1, exhibited a diffuse growth.  This culture, seeded in similar amount into parallel 
serum and plain broth tubes, continued to grow diffusely  in the plain as well as 
in the serum broth series. 
It would seem, then, that the first of the two possibilities suggested, 
i.e.  that  of  a  change  of  growth  character  following  transfer  from 
serum  to  plain broth,  is  answered  in  the  negative.  On  the  other 
hand,  the  possibility  still  remained  that  the  sudden  transfer  from 
serum to plain broth might cause a  mutation from diffuse to granular 
growth  character,  which  might  persist  even  after  return  to  serum 
broth.  To  rule  out  this  contingency,  it was necessary  to  determine 
other differences between  the  granular  and  diffuse growing microbes, 
which might lead to the demonstration  of their existence side by side 
in  the same  culture;  that  is  to  say,  it  was  necessary  to  reveal  their 
coexistence  in  a  given  stock  culture,  without  having  recourse  to 
dilution  into  plain  broth. 
Experiment 3.  Difference in Appearance  of Colonies of the Granular  and Dif- 
fuse Growing Microbes.--A  stock serum agar slant of  Strain R  15 was  subcul- 
tured into 5 per cent rabbit serum broth.  The culture after 6 hours showed dif- 
fuse growth.  It was diluted to 10 -s cc. in plain broth, and subinoculations were 
made as before into parallel series of plain and serum broth tubes.  The serum 
broth subculture showed diffuse growth in dilutions 10 -s to 10 -2 cc.  The plain 
broth parallel subcultures grew in dilutions up to  10  -6 cc., but not in dilutions 
10 -7  or  10 "sce.  All  the  tubes  of  this  series  were  granular  in  their  growth 
character. 
The serum broth  subculture,  10 -s cc. (diffuse),  and  plain  broth  subculture, 
10  -6 cc. (granular), were now transferred into 5 per cent serum broth.  The trans- 
plant from the first grew diffusely and was designated D.  That from the second 
sedimented rapidly; it was designated G.  Cultures D  and G were again carried 
over to serum broth.  After 6 hours incubation at 37°C.,  each tube was diluted 
in plain broth in the usual manner to 10 -~ cc. of the original.  Tube G was thor- 
oughly shaken to break up the dumps before dilution. 
Dilutions 10-Tand 10-Scc. of Cultures D and G were plated in 5 per cent serum 
agar.  The surface colonies resulting from Inoculation D were strikingly different 
from those  of Inoculation  G.  The former were whitish,  with  rather  opaque, 
glistening  centers,  fading  into  translucent  outer  zones.  Their  borders  were 
regular.  They ~xh{bited marked fluorescence, both by daylight and  by artificial 
light.  The  surface  colonies  of  Type  G  were  somewhat  smaller,  translucent. 
and  bluish  in  color,  had  irregular  serrated  edges,  and  showed  little  or  no 
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Colonies of the first type, D, fished to 5 per cent serum broth, yielded diffuse 
growth.  Those  of Type G gave rise in  every instance to granular, rapidly 
sedlmenting cultures. 
The fact that the difference in appearance of colonies accompanied 
the  difference in growth character in fluid medium was  utilized  at 
once as a means of detecting whether Types G and D exist side by side 
in strains which have never been carried into plain broth.  It will be 
seen by reference to Table I  that the Type G organisms in the orig- 
inal culture are present in smaller numbers  than those of Type D. 
Since, ordinarily, Type G grows in plain broth subcultures from dilu- 
tions not higher than 10  -4 cc., it will be evident that there is no hope 
of detecting Type G  colonies by plating out high dilutions of serum 
broth  cultures.  Consequently,  the  demonstration  of  coexistence 
had to be sought by another method. 
It was observed that when stock serura agar cultures of the various 
strains were planted in serum broth the resulting growth was diffuse, 
but that after 8  to 10 hours incubation there was always a  more or 
less abundant sedlment at the bottom of the tube.  It was assumed 
that if the granular organisms were present with the diffuse variety, 
it would be logical to find them in high concentration in the sediment. 
This assumption was tested in Experiment 4. 
Experiment 4.  Demonstration of the  Coexistence of  Types G and  D  by  Plating 
t~ Supernatant  Fluids and Sediments  of Serum Broth  Cultures.--A stock I0 per 
cent serum agar slant of Strain R 22 was transferred to a tube of 5 pe~ cent rabbit 
serum broth.  After incubation at 37°C. for 24 hours, the tube contained a uni- 
formly turbid  superuatant  fluid, and  in  addition  a  distinct  sediment.  The 
supernatant fluid was carefully drawn off by a Pasteur bulb pipette, care being 
taken not to disturb the sediment.  The supernatant fluid  was placed in a sterile 
tube, Tube A. 
The sediment was now thoroughly shaken up in 10 cc. of sterile broth--Tube B. 
Tubes A and B were streaked upon plain and serum agar plates, which were then 
incubated for 24 hours.  The result is summarized  in Table II. 
The  two different type colonies were now fished from the  serum 
agar plates to serum broth.  Subcultures from the translucent, non- 
fluorescent type invariably yielded granular strains.  Those from the 
opaque, fluorescing colonies gave rise to an invariably diffuse growth. 
Experiment  4  demonstrates  clearly  that  Type  G  and  D  microbes 780  DISSOCIATIOI~ OF  MICROBIC SPECIES.  I 
coexist in the stock serum broth tubes.  It shows that Type G organ- 
isms,  usually  in  the  minority,  can  be  easily  demonstrated by  the 
separation  of  the  supernatant  fluid  and  the  sediment of  a  serum 
broth culture, and the streaking of the latter.  It must be pointed out 
in  this  place that  this method of procedure is only necessary when 
Type D  greatly predominates.  It has been found that when cultures 
of  the  rabbit  septicemia bacillus  are  infrequently transplanted, the 
more saprophytic Type G tends to gain the upper hand.  Under these 
conditions simple streaking out of a thoroughly shaken culture suffices 
to place both varieties in evidence. 
TABLE  If. 
Dissociation of Types G and D by Sedimentation. 
Tube.  Material.  5 per cent serum agar plate.  Plain agar plate. 
A  Supernatant  fluid  of  24 
hr.  serum  broth  cul- 
ture, Strain R  22. 
Sediment of 24 hr. serum 
broth culture, Strain R 
22. 
Good growth; both types 
present.  Type  D 
(fluorescent)  prepon- 
derates. 
Good growth; both types 
present.  Type G (non- 
fluorescent) largely  pre- 
ponderates. 
Scanty  growth;  both 
types  present,  but 
Type  D  preponder- 
ates. 
Very  scanty  growth; 
almost  entirely  non- 
fluorescent Type G. 
Up to the present three differential characteristics of Types D  and 
G  have  been  discussed.  (1)  Type  G  is  able  to  grow much more 
easily  than  Type  D  in  plain  broth;  that  is  to  say,  much  larger 
amounts of Type D  than of Type G are necessary to cause multipli- 
cation  in  this  medium.  (2)  Type  G  grows in  minute granules  in 
liquid  media,  these  particles  sedimenting rapidly  and  leaving  the 
supernatant fluid clear.  Type D, on the other hand, grows diffusely, 
both  in  serum  and  in  plain  broth.  (3)  The  colonies produced by 
Microbe D  are distinctly different from those of Type G. 
Careful study has revealed no difference in morphology or tinctorial 
reaction  between  Types  G  and  D.  Their  fermentation  reactions 
have  proved  to  be  identical.  The  question  arises  whether  other 
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Since Microbe  G  grows with distinctly greater ease in plain broth, 
it is  easy to imagine  that  this  fact might represent an adaptation of 
the  organism,  ordinarily  rather  delicately  adjusted  to  the  parasitic 
state,  to  a  saprophytic  existence;  that is  to  say,  Type  G,  which  is 
more  saprophytic,  might  exhibit  a  corresponding  loss  in  parasitic 
activity,  and  hence  might be of decidedly less virulence  for rabbits 
than  the  corresponding  Type D. 
This  hypothesis  is  found  to  be  vindicated  in  a  striking  manner 
in Experiment 5. 
TABLE  HI. 
Comparative Virulence of Types G and D, Strain R 15. 
Type. 
D 
G 
No. of passages  after  dissociation. 
Serum broth third passage. 
Plain  broth  first,  serum broth 
second passage. 
Weight 
of ~  abblt. 
gm, 
550 
550 
550 
550 
550 
550 
of 
.re. 
11OiHlI 
iJ jecte( 
: [itra- 
pf ~alb. 
c~. 
10-7 
10-6 
10  ~ 
10-7 
10  ~ 
10--8 
Reset. 
Negative. 
Died  in  42 
hrs.* 
Died  in  42 
hrs.* 
Negative. 
gg 
* Autopsy  typical;  fibrinopurulent  pleuritis,  pericarditis,  and  bronchopneu- 
monia.  Pure culture of Type D from heart's blood. 
Plate of dilution 10 -s cc., Type G, 32 colonies. 
Plate of dilution 10  -s cc., Type D, 21 colonies. 
Experiment 5.  Comparative Virulence of  Types D and  G.--Microbe D  was 
obtained  by  transplanting  a  diffuse  growing  serum  broth  subculture  from 
dilution  10  -8 cc. of a  6 hour serum broth culture of Stock Strain R  15.  Third 
passage in serum broth.  Microbe G was obtained by transplanting a granular 
plain broth subculture from dilution 10  -8 cc. of the same serum broth culture of 
Strain R  15.  Passage in serum broth exactly parallel to that of Microbe D. 
Serum broth cultures of each variety were incubated for 16 hours  and seeded 
in 0.05 cc. amounts into tubes of 5 per cent rabbit serum broth.  Incubation for 
6 hours at 37°C.  Dilution in plain broth to 10  4  cc., care being taken to disin- 
tegrate  thoroughly  the  granules  of  Culture  G.  Culture  D  was  then  injected 
intrapleuraUy, in doses of 10  -~, 10  -8, and 10  -~ cc., into rabbits of 550 gin. weight. 782  DISSOCIATION" OF  MICROBIC  SPECIES.  I 
Culture G  was  injected by the  same route into rabbits of  the same  weight in 
doses  of  10 -7,  10  -5, and  10  -3  cc.  Dilutions of  10  -s  cc.  of  each  culture were 
plated in 5 per cent serum agar.  The result, which was most striking, is recorded 
in Table III. 
Repetition of this experiment with the same and with other strains 
yielded  constantly  a  like  result.  In  a  word,  Microbe  G,  recently 
dissociated from a  stock strain, shows itself to be distinctly less viru- 
lent  than  its  companion  Type  D  of  the  same  strain.  All  experi- 
ments  of  this  type were made with  organisms dissociated  from  the 
TABLE  IV. 
Virulence of Types D and G, Strain R 22, Dissociated by the Sedimentation Method. 
Type.  :ain. 
G  22 
D  22 
I•N 
of 
;es in 
s¢  Age of culture. 
6  hrs.,  1,100,000,000  colonies 
per cc. 
6  hrs.,  1,140,000,000  colonies 
per ce. 
~llOtln 
iajecte, 
intra- 
pleuraIl: 
i0  ~ 
10--s 
10  ~ 
I0-1 
10  ~ 
10--5 
10-4 
lO-a 
Result. 
Negative. 
gg 
C¢ 
Died  in  16 
days.* 
Died  in  4 
days.* 
Died  in  39 
hrs.* 
* Autopsies in all cases typical.  Pure Type D  recovered from  heart's  blood 
of each tmimal. 
same strain, at the same time, and transplanted under rigidly parallel 
conditions.  The  results  in  Table  III  are  by  no  means  the  most 
striking obtained, since young rabbits  frequently resist 0.1  cc. of a 6 
hour culture of  Type (~,  while  parallel  Type  D  cultures  are  often 
fatal in dose of 10  -r cc. and never in less than  10 -4 cc. 
It  might  be  objected  in  the  experiment  just  described  that  the 
Type G  organisms had lost their virulence by reason of their  trans- 
plantation, for one passage, in plain broth.  The method of dissocia- 
tion  by  sedimentation  described  in  Experiment  4  makes  it  easy  to PAUL 1~'. DE  KRlY~  783 
examine into the validity of such an objection.  This technique was 
therefore applied  to  Strain  R  22,  and  the  virulence of the  resulting 
Type G  and D  varieties tested.  In  this case Strain  G  had  received 
no passage through plain broth. 
E~periment 6.  Virulence of Types  D and G, Strain R  22,  Dissociated by  the 
Sedimer~ation Method.--In order to insure the purity of each type, three succes- 
sive platings in serum agar, with alternate transfers into serum broth, were made, 
after the primary separation by sedimentation.  After the third plating, Microbes 
D and G were carried for three passages,  daily transfer, in  serum broth.  Each 
was then subinoculated from a 12 hour serum broth culture into a tube of 5 per 
cent rabbit serum broth.  Incubation at 37°C. for 6 hours; dilution, as usual, to 
10  -~ cc. of the original  culture.  Type G was then injected into 1,500 gin. rab- 
bits, intrapleuraUy,  in  doses of 10  -~,  10  -6,  10  -~,  and  10  -t  cc.  Type  D  was 
injected by the same route into rabbits of the same size, in doses of 10  -6  ,  10 -5 , 
10  -4, and 10  -3 cc.  The result is given in Table IV. 
It must be stated here that the infection in rabbits  of large size is 
identical  in  nature  with  that  of  young  animals,  the  sole  difference 
being in  the  time of death. 
Experiments 5  and 6  show clearly that Microbe G  is distinctly less 
virulent than Microbe  D.  It was natural to ask whether Microbe  G 
could produce typical infections when injected in overwhelming quan- 
tifies.  It was found that adult rabbits  tolerated doses  of  0,5  cc.  of 
whole  serum  broth  culture.  Young  rabbits  were  for  this  reason 
selected for the experiment. 
Experiment  7. Effect  on  Young  Rabbits of  Massive  Doses of  Type  G.--A 
series of 600 gin. rabbits was injected intrapleurally with 3, 2, 1, 0.5, and 0.1 co. 
of a 6 hour culture of Strain R  15, Type G.  The rabbit injected with 3 cc. suc- 
cumbed in 5 days.  Those that received 2 and 0.5 cc. died in 32 and 24 hours, 
while doses of 1 and 0.1 cc. produced no lethal effect.  It is important that the 
organisms  recovered at necropsy showed a granular growth in serum broth, and 
when streaked upon serum agar plates gave rise to typical Microbe G translucent 
colonies. 
The pathologic effects produced by Microbe  G  as  compared with 
those produced by the more virulent Microbe D  will be dwelt  upon 
in  a  later  communication  in  which  the  possibility  of  raising  the 
virulence of Type G  will be discussed.  It is enough to say that this 
microbe retains its character of growth after one passage through the 
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It is frequently remarked  that  the virulence of many organisms is 
lost  more  quickly  by  cultivation  in  ordinary  media  than  in  media 
enriched with  serum  or blood.  Observations  have  shown  that  with 
Type  D  (virulent)  of  various  strains  of  the  organisms  under  con- 
sideration,  the characteristic diffuse growth is retained despite many 
passages in plain broth.  Since it has been noted that the characters 
of  diffuse  growth  and  virulence  in  this  instance  accompany  one 
another,  it  was  considered  important  to  discover  whether  plain 
broth  passage  would  depress  the  virulence  of  Microbe  D,  while 
the  diffuse  growth  character  remained.  Experiment  8  supplies  an 
unequivocal answer  to  this question. 
Experiment  8.  Comparative Virulence of Type  D,  Strain R  15, after Twenty- 
Five Parallel Passages in Plain and Serum Brotk.--Microbes  D  and G were dis- 
sociated from Stock Strain R  15 by the first of the methods described above; 
i.e.,  by dilution and parallel subculture in plain and serum broth.  They were 
plated three successive times in serum agar, isolated colonies being fished to serum 
broth each time.  This insured as nearly as possible that the strains arose from 
a  single  organism.  Microbe D  was  then  carried in  parallel passage  through 
twenty-five daily transplantations in plain and in serum broth.  From time to 
time the cultures were streaked on serum agar plates.  With both the plain and 
the serum broth tubes organisms of Type D only were invariably found.  What is 
more, the plain broth strain retained perfectly  its characteristic of diffuse growth. 
The plain broth passage  strain is designated as D-PI, that  of the serum broth 
passage as D-S. 
Microbe G, dissociated at the same time, was subjected to a similar number of 
passages in serum broth.  The virulence of all three of the strains was now tested. 
6 hour serum broth cultures of Microbes D-S, D-PI, and G-S were diluted in 
plain broth to 10  -~ cc. of the original  cultures.  The injection of the test ani- 
mais was carried out immediately after the dilution of each culture.  At the end 
of  the  injections plates were in each instance made in 5 per cent serum agar. 
The result is summarized in Table V. 
Table V  shows very clearly that plain broth passage has little or no 
effect upon the virulence of Microbe D.  On the other hand, Microbe 
G  characteristically fails to kill in 0.1  cc.  Up to the present time we 
have been unable  to discover Type D  varieties possessing  low  viru- 
lence in  any of our strains.  What  is  more,  it is  a  remarkable  fact 
that  Strains  R  19  and  R  21, which so far have shown no evidence of 
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strains  studied.  This  experiment,  together  with  other  observations 
described above suggest that the mechanism of attenuation may be a 
selection; that  is,  an overgrowth of the  virulent  Type D  by the  less 
virulent Type G.  This hypothesis is amenable to experimental proof 
and will be discussed fully in a  later communication. 
TABLE  V. 
Comparative Virulence of Type D, Strain R 15, after rwenty-Fi~e Parallel Passages 
in Serum and Plain Broth.* 
Type. 
D 
D 
G 
St  ~in 
R  15 
R 15 
R 15 
No. of passages. 
Serum broth,  twenty- 
five passages. 
Plain  broth,  twenty- 
five passages. 
Serum broth,  twenty- 
five passages. 
Weight 
of rabbit. 
gm. 
7OO 
725 
650 
675 
700 
750 
750 
700 
700 
700 
650 
675 
c~  of  [re. 
ht'. 
Amou] 
injecte 
intra. 
pleural 
6C. 
10-~ 
10  4 
10-~ 
10  4 
10-~ 
10-~ 
10-t 
10-3 
10-4 
10-~ 
10-2 
lO-X 
Result. 
Died in 24 hrs.] 
"  " 36  " 
....  42  " 
"  " 38  " 
"  " 36  " 
"  " 24  "  t 
Negafive.~ 
Died in 31 hrs.¢ 
Negative. 
c~ 
* Microbe G-S 25, control. 
t Autopsy  typical;  fibrinopurulent  pleuritis,  pericardifis,  and  bronchopneu- 
monia.  Pure cultures of Type D from heart's blood. 
Probably technical error in inoculation. 
Number of colonies in 10  -~ cc.: Microbe D-S, 30;  Microbe D-PI, 53; Microbe 
G-S, 10. 
Immunologic  Relations  of  Types  G  and  D. 
Microbes  G  and  D  in  all instances  so far studied  differ in  growth 
character in fluid media, in colony formation, and in virulence.  It is 
logical to inquire  into  their immunologic relations.  The first experi- 
ment  consisted  in  determining  the  degree  of  resistance  offered  by 
animals  which  had  survived  injection  with  Microbe  G  to  injections 
of multiple lethal doses of the virulent Type D. 786  DISSOCIATION  O:F  MICROBIC  SPECIES.  I 
Experimzent 9. Resistance of Animals Which Had Survived Injection with Type 
G to Multiple Lethal Doses of Type D.--Rabbits 1 and 2, weighing 1,500 gin. each, 
withstood with no visible effect 0.1 and 0.5 cc. of Type G, Strain R 15, injected 
intraplenrally.  14 days later they were injected  by the same route with  10  -4 
cc. of a 6 hour serum broth culture of the virulent Type D, Strain R 15.  Imme- 
diately afterward, controls of the same weight received doses of 10  -e,  10 -5,  and 
10 -4 co. of the same culture.  The result is summarized in Table VI. 
As seen from Table VI, Rabbits 1 and 2  were resistant  to at least 
100 lethal  doses of the virulent  Strain  D.  It is of interest that such 
solid  immunity  should  be  conferred  by  a  single  injection  of  the 
less virulent  Strain  G.  Other experiments gave the same result.  It 
TABLE  WI. 
Resistance of Animals Wttich Had Survived Injection with Type G, Strain R 15, to 
Multiple Lethal Doses of Type D, Strain R 15. 
Rabbit No. 
Amount of Type 
G injected 
intrapleurally 
14 days 
previously. 
CC. 
0.1 
0.5 
Weight of rabbit. 
gm. 
1,500 
1,500 
1,450 
1,500 
1,475 
Amount injected 
for test 
of Type D, 
CG. 
10-4 
10"4 
10--n 
10-~ 
10-~ 
Result. 
Negative. 
Died in 9 days.* 
g¢  ((  4  ((  * 
* Autopsy  typicaL  Pure Type D  recovered from heart's blood. 
Number of colonies on serum agar plate of dilution 10 -8 cc.,  16. 
must  be  remarked  that  no  experiments  have  been  instituted  that 
would indicate  the  comparative  immunizing  efficacy of  the  virulent 
Type D  and  the less virulent  Type G. 
Agglutination  Reactions  of  Types  G  and  D. 
The  vaccinating  power  of  Type  G  against  the  virulent  Type  D 
has  been  clearly  demonstrated  in  Experiment  9.  The  results  of 
agglutination  studies  bear  out  the  community  of  antigenic  quality 
suggested  by  the  vaccination  experiments.  Stable  suspensions  of 
Microbe  G  (granular)  may  be  prepared  by washing  the  organisms 
from  5  per cent serum agar  slants  four times in distilled  water,  and PAUL H.  DE  KRUIF  787 
finally suspending them in this medium.  0.1 per cent formaldehyde 
was added to all suspensions. 
The flocculation of both Types G and D by immune sera is very slow 
and  is  much more dear-cut at 55  ° than at 37°C.  The necessity of 
incubation  at  55  °  is  especially marked with Type D.  This fact is, 
indeed, of differential value, since Type G suspensions agglutinate very 
well when placed in contact with immune serum at 37°C. for 16 hours. 
Parallel  tests made on Microbe D  at the same temperature do not 
give satisfactory results. 
Serum prepared by three intravenous injections of Microbe D  into 
rabbits agglutinates Types D  and G in titer of 1:2,000 after incuba- 
tion at 55  ° for 16 hours.  A serum resulting from similar injection of 
Microbe G is considerably less active, agglutinating Type G in 1:1,000 
and Type D  in  1:200.  In some instances Microbe D  agglutinated 
in dilution of 1:50 but not in higher dilutions.  To sum up, the anti- 
genic power,  as  far  as  the  production of  agglutinln  is  concerned, 
appears to be decidedly stronger in the case of Type D than of Type G. 
Absorption tests deafly indicate the community of antigenic char- 
acter of the two types.  Serum >  Type D, Strain R  15, agglutinated 
Microbes D  and G in titer of 1:1,500.  After 2 hours contact at 55  ° 
with  a  suspension of Microbe D, the titer for Type G had fallen to 
1:200, for Type D  to 1:80.  The control serum, after 2 hours at 55  ° 
without the suspension, showed the original titer, 1:1,500.  The same 
serum, placed for a similar length of time in contact with Microbe G, 
dropped in titer from 1:1,500 to 1:40 for Types D  and G.  Various 
observations make it apparent that Microbe G, in addition to being 
more easily flocculable, also has greater binding power for the agglu- 
tinating principle than has Microbe D.  From  the foregoing results 
it is apparent that there is no qualitative difference in the antigenic 
nature of Types G  and D.  In a later communication these aggluti- 
nation reactions will be dealt with more fully, and the acid floccula- 
bility  of  the two  types will be  discussed.  The  acid  agglutination 
points of Types D  and G are distinctly different.  They are of the 
nature  of  physical  constants, and  hence present  a  valuable  differ- 
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SUMMARY AND CONCLUSIONS. 
Two types of organism have been shown to exist in cultures of the 
bacillus  of  rabbit  septicemia,  recently  isolated  from  spontaneous 
infections. 
One, Microbe D,  grows diffusely in serum and plain broth, forms 
rather  opaque,  fluorescing  colonies  on  serum  agar,  and  is  highly 
virulent for rabbits.  These characters are retailIed throughout many 
passages in serum or plain broth. 
The  other  type,  Microbe  G,  flocculates  rapidly  in  fluid  media, 
forms translucent, bluish colonies with little fluorescence, and exhibits 
extremely low virulence for rabbits.  Like Microbe D, its distinguish- 
ing characters persist throughout many  passages in artificial  media. 
Two methods for the dissociation of these varieties from the parent 
culture have been described. 
The  two  types are  morphologically indistinguishable and  possess 
identical fermentation reactions. 
Rabbits surviving inoculation with Type G are resistant to multiple 
lethal doses of Type D.  The agglutination reactions bear  out this 
suggestion of the antigenic identity of the varieties.  Community of 
antigenic character is  rendered certain by the results  of absorption 
reactions. 
Microbe D, in contact with immune serum, flocculates well at 55  °, 
but  poorly or  not  at  all  at  37°C.  Microbe  G, on  the  other hand, 
agglutinates easily at both temperatures. 
Microbe  D,  after  being  carried  through  twenty-five passages  in 
serum  and  in  plain  broth,  retains  perfectly  its  characteristics  of 
diffuse growth and of virulence, in the plain as well as in the serum 
broth. 
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